Abstract: Male breast carcinoma is a relatively rare disease. This study retrospectively investigated the clinicopathological features of 73 cases of male breast carcinoma in Chinese population, and classified the molecular subtype based on surrogate immunohistochemical definitions. The expression of GCDFP15, MGB, AR and FOXP1 were evaluated. Invasive carcinoma of no special type was the most common histological type in the study group (71.2%, 52/73). The luminal A and B subtypes were the major types of male breast carcinoma (60.9%, 34.8% respectively). AR and FOXP1 are expressed in 84.2% (48/57) and 71.9% (41/57) of the studied cases. Carcinoma of the luminal A subtype expressed GCDFP15 (73.5%, 25/34) and MGB (58.8%, 20/34) more frequently than cases of the luminal B subtypes (34.8%, 8/23 and 43.5%, 10/23, respectively; P = 0.004, P = 0.255, respectively). In conclusion, invasive carcinoma of no special type was the most common histological type in male breast carcinoma among Chinese population. Our study revealed that the luminal A and B subtypes were the major types of male breast carcinoma. AR and FOXP1 are highly expressed in male breast cancer. The luminal A subtype tends to express GCDFP15 and MGB more frequently than the luminal B subtype.
Introduction
Male breast carcinoma is a relatively rare disease, accounting for < 1% of all breast cancer cases [1] . Research on male breast carcinoma has often been grouped together with its female counterpart. While studies showed that both male and female breast carcinoma share certain characteristics [2] , clinicopathological differences like histological type and hormone receptor status also exist within the two groups [2, 3] .
Hierarchical clustering analyses of gene expression profiles have classified female breast cancer into several intrinsic groups [4] with different clinical outcomes [5] . As high-cost microarray-based studies are not always feasible, immunohistochemical markers have been used as surrogates for classifying breast cancer [6] . Immunohistochemistry defined subtyping of male breast carcinoma exhibited conflicting results in several studies [7] [8] [9] [10] , due to different IHC-based subtyping algorithms. However, only a few studies have examined male breast carcinoma in Chinese population [11, 12] , and the molecular subtypes remain understudied.
Immunohistochemical localization of gross cystic disease fluid 15 (GCDFP15) has been reported in 25%-75% of breast carcinomas [13] [14] [15] [16] and mammaglobin (MGB) expression has been reported in approximately 55%-80% of breast carcinomas [14, 16] . The expression of GCDFP15 and MGB and their correlation with molecular subtypes in female breast cancer has been reported recently [16] , but their relationship with the molecular subtypes of male breast carcinoma remains unclear.
In male breast carcinoma, hormone receptors (ER and PR) are more commonly expressed compared with the female patients [2, 3] . Androgen receptor (AR), also a steroid hormone nuclear receptor, is highly expressed in ER-positive breast cancer [17] , and recent studies showed AR expression was associated with good prognosis [18] . FOXP1 belongs to the family of winged-helix or forkhead transcription fac- tors that play roles in cell proliferation and neoplastic transformation. FOXP1 is correlated with both ER expression and improved survival in breast cancer [19] . In male breast carcinoma, the expression pattern of AR has been described in a few studies [20, 21] , while the expression of FOXP1 have not been studied in male breast carcinoma.
This study retrospectively investigated the clinicopathological features of male breast carcinoma in a Chinese population, and classified the molecular subtype based on surrogate immunohistochemical definitions. The immunohistochemical expression patterns of GCD-FP15, MGB, AR and FOXP1 were also evaluated.
Materials and methods

Patients and specimen
We performed a thorough search for male breast carcinoma in the database of the Slides of all the cases were reviewed independently by two pathologists to confirm the diagnosis. Histological type was characterized based on the tumor classification set by the WHO [23] . Histological grade was defined using the modified Bloom and Richardson score scheme [24] for invasive carcinoma. Ductal carcinoma in situ, necrosis, sclerotic stroma, calcification of the tumors and dermis or nipple infiltration were also recorded if present microscopically. The diagnosis of invasive ductal carcinoma with invasive micropapillary carcinoma was rendered when micropapillary components accounted for less than 90% of all the invasive carcinoma present. Mixed invasive ductal and mucinous carcinoma was described when mucinous components accounted for less than 90% of the invasive tumor. Invasive papillary carcinoma, intraductal papillary carcinoma, encapsulated papillary carcinoma and solid papillary carcinoma were categorized as papillary carcinoma in this study.
Subtypes defined by immunohistochemical staining [25] Immunohistochemical staining for ER, PR, HER2, Ki-67, CK5/6 and EGFR ( [26, 27] . ER and PR were considered positive if greater than 1% of tumor cells exhibited nuclear staining [26] . Immunohistochemistry
Immunostaining for AR was considered positive when 1% of cells showed nuclear expression [18] . Cytoplasmic immunoreactivity of GCD-FP15 and mammaglobin was scored based on the percentage of positive cells: negative (0%), focal positive (1%-90%) and diffuse positive (> 90%). The pattern of FOXP1 expression was scored as: negative = 0; weak/focal staining = 1; strong focal/widespread moderate staining = 2; or strong/widespread staining = 3. Score 2 In one case, breast carcinoma was identified in both breasts, and the tumors located beneath nipple and within upper outer quadrant respectively. b Biopsy was performed on the four patients who didn't receive breast surgery.
for HER2 was defined as positive when 3+ cell circumferential staining was observed, while 0 or 1+ was recorded as negative. Five cases with 2+ staining were further confirmed by the Abbott-Vysis HER2 FISH assay. Immunostaining of the whole slide area was evaluated by two experienced pathologists who remained unaware of tumor characteristics and other staining results.
The IHC-based subtyping criteria used in this study classified the cases into five different categories: luminal A (ER+ and/or PR+, HER2-and Ki-67 low), luminal B HER2 negative (ER+ and/or PR+, HER2-, and Ki-67 high), luminal B HER2 positive (ER+ and/or PR+, and HER2+, and any Ki-67), HER2 positive (HER2+, ER-and PR-), 'basal like' (ER-, PR-and HER2-, and/or CK5/6+, and/or EGFR+). For Ki-67, the cut-off point was set to 14% according to a previous study [6, 25] .
Immunohistochemistry and scoring for GCDFP15, MGB, AR and FOXP1
Antibody staining for AR, GCD-FP15, Mammaglobin and FOXP1 were performed manually on 57 cases using EnVision™ Detection Systems (DAKO). Details of primary antibodies and antigen retrieval solutions are listed in Table 1 . Both positive and negative controls were used throughout the process.
The expression pattern was analyzed on whole tissue sections. and 3 tumors were considered positive for FOXP1 statistical analyses based on previous studies [19] .
Statistical analysis
Descriptive statistics were calculated. The chisquare test was used for evaluating the relationship between immunohistochemical characterization and IHC-base molecular subtypes of breast cancer cases. The fisher exact test was performed when necessary. All statistical tests were two sided and P values less than 0.05 were considered significant. All analyses were carried using SPSS software (version 17.0, SPSS Company, Chicago, IL).
Results
Patients' characteristics
The clinical information of the 73 cases of male breast carcinoma is summarized in Table 2 . The patient's median age at diagnosis was 59 (ranging from 10 to 89). The most frequent clinical symptoms were a mass in the breast (97.3%). 10 (13.7%) patients complained of nipple discharge and 12 (16.4%) had changes in skin contour or texture. The breast tumor was unilateral in 98.6% (72/73) of patients and bilateral in only 1 (1.4%) patient. Most tumors were confined to the central subareolar area. Sixty (82.2%) patients had a modified mastectomy, and 4 (5.5%) received a radical mastectomy. While radiation therapy and adjuvant chemotherapy were applied in 17.8% and 39.7% of the patients, respectively, adjuvant hormone therapy was the most commonly applied therapy (in 82.2% of the patients).
Distribution of molecular subtypes and histological features
Pathological findings of molecular subtypes based on surrogate immunohistochemical definitions are presented in Table 3 . Of 73 patients, 4 cases were classified as carcinoma in situ, and the remaining 69 cases were identified as invasive carcinoma. The 69 cases were then categorized into four groups: 42 (60.9%) were subtype luminal A, 24 (34.8%) were subtype luminal B (HER2 negative), 1 case was (1.4%) was HER2 positive and 2 cases (2.9%) were basal-like.
Histological type variants in this study are listed in Table 3 , and representative photomicrographs are shown in Figure 1 . Within 73 patients, 52 cases (71.2%) were classified as invasive carcinoma of no special type followed by 8 cases (11.0%) of papillary carcinoma (including 2 cases of intraductal papillary carcinoma and 1 case of invasive papillary carcinoma) ( Figure 1A , 1B) and 7 cases (9.6%) of special subtype of invasive carcinoma. Four cases (5.5%) cases exhibited carcinoma in situ including 2 cases (2.7%) of pure ductal carcinoma in situ. Mixed invasive ductal and mucinous carcinoma was also indentified in 4 cases (5.5%).
Within the 52 cases of invasive ductal carcinoma, osteoclasitc giant cell, invasive micropapillary ( Figure 1C ) and mucinous components ( Figure 1D ) were noticed in various numbers of the patients, as illustrated in Table 3 . The 2 cases of secretory carcinoma ( Figure 1E ), which were described in our previous study [28] made up the only 2 cases of basal-like subtype in this study. 
Immunohistochemical findings and molecular subtypes
Hormone receptors ER, PR (Figure 2A , 2B) were observed positive in majority of 73 cases (93.2%, 68/73 and 93.2%, 68/73 respectively). 57 cases that were available for further immunohistochemical study. The results of the immunohistochemical study of 57 cases are shown in Table 4 . Immunostaining for GCDFP15 ( Figure 2D ) and mammaglobin ( Figure 2E ) was 71.9%, 41/57) ( Figure 2C, 2F) , and the expression frequency of both AR and FOXP1 differed slightly between subtype luminal A and luminal B.
Discussion
Most research data on male breast carcinoma are drawn from retrospective studies. The median age at diagnosis among male breast cancer patients is 67 years, slightly older than were presented in our previous study [28] ).
Nuclear immunostaining of AR and FOXP1 were observed in the majority of cases (84.2%, 48/57 and Int J Clin Exp Pathol 2014;7(10):6852-6861 women (61 years) [29] . The reported median age of male breast carcinoma in the Chinese population is lower (57-59 years) [11, 12] , which is similar to our study cohort (median age 59 years). Male breast cancer mainly presents as a painless mass in the central subareolar region [3] , while clinical symptoms, such as nipple discharge and skin changes can also been presented [12] . Male breast cancer is usually unilateral, and rarely involves both breasts [23] . No prospective randomized clinical studies have been performed, and optimal treatment recommendations are undefined. Modified mastectomy was the most common surgical approach, and adjuvant hormone therapy is recommended in hormone receptor positive patients [3] .
The predominant histological type in male breast cancer is invasive ductal carcinoma [29, 30] . Pure invasive micropapillary carcinoma is rarely observed in both female and male breast cancer [30, 31] ; it was mostly reported to be mixed with invasive ductal carcinoma in female [31] . Our study defined no cases of pure invasive micropapillary carcinoma but 8 cases of mixed type (IDC with invasive micropapillary), indicating the similarity of invasive micropapillary differentiation in the both genders. Invasive lobular carcinoma is notably rare in men [29, 30] , and this histological diagnosis was not found in our male patients. Conversely, invasive papillary carcinoma was more common in males compared to females [8, 29, 30] , accounting for approximately 2-4% of the cases. Although only 1 case in our study cohort was diagnosed with invasive papillary carcinoma, papillary carcinoma was observed in 8 patients (11%), suggesting that papillary architecture is commonly presented in male breast carcinoma. Papillary ductal carcinoma in situ has been shown to occur with a higher frequency [32, 33] . Burga et al. [30] indicated that the discrepancies in histological type distributions between males and females may provide valuable insight into pathogenesis of breast carcinoma. The poorly developed lobule formation and relative abundance of ducts in male breasts might explain the scarcity of lobular carcinoma and predominance of papillary patterns among in-situ carcinoma [23, 33] . The common presence of nipple or dermis infiltration and sclerotic/hyaline stroma observed in our studies might also be a reflection of the lack of development in male breast tissue.
In this study, based on the IHC surrogate definition [6, 25] , we found that the luminal subtypes were most common; with the luminal A subtype being more common than the luminal B subtype. Our results were consistent with the study carried out by Kornegoor et al. [9] , since Ki-67 index was used in molecular subtyping in both studies. Similar results were observed in a recent study [10] , in which both luminal A and luminal B subtypes were identified. However, by comparing the IHC-based subtyping criteria, we found that the luminal B subtype cases in their study all shown HER2 over-expressed or amplified, while none of the luminal B subtype cases in our study was identified as HER2 positive. Separation of the luminal A and luminal B subtype in this study was mainly based on the Ki-67 labeling index. This might explain why our study's results were different from a previous 514-matched cases study [8] , which found the luminal A subtype as the most common group, as Ki-67 was not added in classifying the carcinomas. It is noted that only about 30% of luminal B breast carcinomas are HER2 positive, and Ki-67 can help in identifying additional luminal B tumors that would not be identified only by ER, PR and HER2 [6] . A consensus has already been reached on using Ki-67 as a standard biomarker for molecular subtyping [25] . We think that the important role of Ki-67 in discerning different groups in male breast cancer should be emphasized and further studied.
The basal-like subtype is very rare in male breast cancer [7] [8] [9] [10] . Only 2 cases were classified as basal-like subtype in our study. Both were diagnosed as secretory carcinomas, which should be distinguished from conventional basal-like breast carcinomas [28] . Basallike tumors in men breast should be given with caution, taking both immunohistochemical characterization and histological type into consideration.
HER2 expression data in male breast cancer is inconsistent. Several studies have identified HER2 positive carcinomas only by immunostaining [34, 35] . In our cohort, immunohistochemistry of HER2 rated as 2+ was only observed in 5 cases. When confirmed by FISH, only one case (1.4%) showed HER2 amplification and thus was classified as HER2 positive subtype (ER and PR negative). Previous studies showed that HER2 positive male breast cancer patients defined both by immunohistochemis-try and FISH accounted for 0 to 16% of the cases [10, 36] , which is lower than female breast cancer. However, more studies are still needed with valid HER2 expression data collected according to recommended guideline.
In our study, positive GCDFP15 and MGB staining was observed in 57.9% and 52.6% out of 57 cases. In female breast cancer, it is reported more than 50% of luminal subtype tumors exhibit GCDFP15 and MGB expression [16, 37] , which is similar to our results in men, because luminal subtypes were the major groups in our cohort. A recent study showed that GCDFP15 and MGB were more likely to be expressed in luminal and HER2 positive subtypes [16] , while in this study we found that luminal A tumors tend to express GCDFP15 more often than luminal B tumors. The same tendency was also observed in MGB expression between the two groups, although no statistical significance was found. The results correlating the expression of GCDFP15 and MGB to clinicopathologic characteristics were variable and inconsistent. A previous study reported that GCDFP15 was associated with axillary lymph node involvement, while Fritzsche et al. found that GCDFP15 positive tumors were associated with longer disease-free survival [15] . Expression of MGB was also associated with well-differentiated, hormone receptor positive breast carcinomas [14] . However, our study failed to show the correlation between GCDFP15 and MGB expression and histological grade or lymph node status. In female breast cancer, luminal B subtype is associated with a poorer prognosis compared with the luminal A subtype [5, 6] . In the present study, the prognostic significance of different GCDFP15 expression patterns between subtype luminal A and B remained questionable, due to limited number of cases and short follow-up time.
In female, AR expression was associated with a favorable prognosis in ER-positive breast cancers [18] . Previous studies in male breast carcinoma showed 57 to 90% [8, 20, 21, 34] of cases were AR positive. The predictive role of AR in male breast cancer was demonstrated in a recent case-pair study, where AR positive luminal tumors had better clinical outcomes. A high degree of AR expression was observed in our study, suggesting that anti-androgen therapy should be further explored.
In breast cancer FOXP1 expression is positively correlated with hormone receptor status, and it is suggested that FOXP1 may play a role as ER co-regulator [19] . However, the relationship between FOXP1 and hormone receptors cannot be determined in this study, due to the high frequency of expression of ER and PR. FOXP1 may play an important role in the progression of breast cancer, and its expression was also shown to be associated with favorable clinical survival [19] . Some suggest that FOXP1 might be a potential therapeutic target in cancer [38] .
Given that a similar high frequency of FOXP1 expression is observed in both female and male breast carcinoma, the predictive and therapeutic value of FOXP1 could be further studied.
In conclusion, this study provides information of molecular subtype and immunohistochemical characterization in male breast cancer of Chinese population, which, to our knowledge, is rare in previous publications. However, there are some limitations about our study including limited cases and incomplete follow-up information. Complete data pooling and more caution are still needed in further studies.
